Designing the Optimal Formulation for Biopharmaceuticals: A New Approach Combining Molecular Dynamics and Experiments.
Biopharmaceuticals are often stored in a lyophilized form. However, stresses due to both the freezing and the drying steps of the lyophilization process can be harmful to protein stability, and appropriate excipients must be added to minimize detrimental effects. In this work, molecular dynamics was used to provide insight into the mechanisms of protein stabilization by different osmolytes, using lactate dehydrogenase as model protein. Our simulations indicate that good cryoprotectants are not always equally good as lyoprotectants, suggesting that synergistic effects may arise when different excipients are combined. This observation is in accordance with the experimental results. In fact, the enzymatic activity of lactate dehydrogenase after freeze-drying was investigated for various formulations, and the trend predicted by molecular dynamics was confirmed. More specifically, we found that the most effective stabilization of the protein structure is achieved when a good cryoprotectant is coupled with an efficient lyoprotectant. Ultimately, we propose a new approach to the design of formulations for protein-based therapeutics to be lyophilized, which combines simulations and experiments. In this new concept, the computational investigation allows a more knowledge-driven and targeted experimental campaign for the selection of the optimal excipients, making the whole process extremely time- and cost-effective.